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What is the scale of the problem?

Tsunamis during 2004-2014:

Over 30 tsunamis world-wide

Over 250,000 people killed

Over $250 billion in damage

Impact for the U.S.

 33 people killed,  over $100 million in damage

Over $1 billion in aid from U.S. government



A

2:00

70˚ 80˚ 90˚ 100˚ 110˚

−20˚

−10˚

0˚

10˚

20˚

Jason−1

TOPEX

R
el

at
iv

e 
Se

a 
Le

ve
l (

cm
)

R
el

at
iv

e 
Se

a 
Le

ve
l (

cm
)

70˚ 80˚ 90˚ 100˚ 110˚

−80

−60

−40

−20

0

20

40

60

80

R
el

at
iv

e 
Se

a 
Le

ve
l (

cm
)

−20˚ −10˚ 0˚ 10˚ 20˚
Latitude

D

Jason−1
MOST Model

The challenge:
Real-time model forecast
Milestone 1: Sumatra Tsunami 2004



Tsunami Forecast Challenges

Forecast AccuracyForecast Speed

Model

Measured



Tsunami Forecast

the estimates of tsunami energy were convergent with data
from the first two stations. That is to say, measurements
from the first two stations were sufficient for determining
the energy of this tsunami. The southern boundary was well
constrained by the arrival time of the first wave at the third
station.

[19] The 2-tsunameter inverted source produced accurate
predictions of tsunami amplitude time series at 28 other
tsunameters throughout the Pacific (Figure 5). Therefore
the first wave at the two closest tsunameters was sufficient
to tune the major tsunami source parameters for accurate
modeling of tsunami propagation in the deep ocean. The

Figure 3. (a, f, and k) Time series of observed and modeled wave amplitudes at stations 21418 and 21401,
and 21413. (b, g, and l) Time series of modeled energy flux vector. The top plot shows the entire time series
while the bottom plot zooms in to the later waves. (c, h, and m) Wavelet-derived amplitude spectra of the
observations show peak periods of 22, 26 and 31 minutes at the three stations respectively. (d, i, and n) The
real parts of the spectra are plotted. (e, j, and o) The modeled tsunami waves well reproduce the frequency/
period patterns of the observations.

Figure 4. Initial ocean surface displacements reconstructed from tsunami sources inverted from the
nearest (a) 1-, (b) 2-, and (c) 3-tsunameter stations. The contour lines on the bottom layer correspond to
the initial ocean surface displacement in meters.
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2004.12.26
A m a g n i t u d e 9 . 1 
earthquake strikes in 
the Indian Ocean and 
tsunami waves killed 
over 230,000 people 
around the Ind ian 
Ocean basin

2006.12
Congress passes the 
Tsunami Warning and 
Education Act Authorizing 
NOAA to strengthen its 
t s u n a m i d e t e c t i o n , 
forecast, warning and 
mitigation programs

2007.10
DART buoy technology is 
patented, US patent # 
7,289,907

2008.03
The United States tsunami 
detection array (DART) is 
complete, with 39 buoys 
positioned around the Pacific 
basin, western Atlantic and 
Caribbean Sea

2011.03
J a p a n T s u n a m i 
tsunami killed over 
25,000 people in 
Japan, over $1B  

2013.09
S I F T – N O A A 
Tsunami Forecas t 
S y s t em tha t u se s 
DARTs and models  is 
t e s t e d a n d f u l l y  
imp lemented i n to 
operations
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NOAA’s Tsunami Forecast System



New Challenges:

Milestone 2: March 11, 2011 Japan Tsunami



Instrumentation Challenges

Tsunami recorded at Japanese sea level stations



Engineering Challenges Kamaishi City



Ofunato City, Iwate Prefecture Sendai City, Miyagi Pref.

Source: Cabinet Office

Hazard Assessment Challenges

Hazard Maps vs Measured Inundation



Forecast based on 2 DART 
measurements

Tsunami Energy Map

NOAA forecast performance
March 11, 2011 Japan Tsunami 



First Tsunami Inundation Forecast



Research tsunami flooding forecast products
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Forecast of local impact?



Local Inundation forecast test: Soma-Sendai Coast



Tsunami Flooding Forecast Sequence



Tsunami Flooding Forecast Timing (today)

3-15 min 1-5 min

10-15 min
20-120 min

Forecast Time > 30min



Tsunami Flooding Forecast Timing (ideal)

- 5 hrs 1 sec

1 sec
5 min

Forecast Time < 0 hr



3-15 min

Tsunami Flooding Forecast Timing (practical future)

1 min

1 min
10 min

Forecast Time < 15 min



Non-seismic Tsunami Forecast:
Meteo-tsunamis



Non-seismic Tsunami Forecast:
Asteroid Impact

20 km/s
500-meter diameter spherical stony body
5000 m depth

278 seconds after the impact

Courtesy of Galen Gisler



Non-seismic Tsunami Forecast:
Asteroid Impact

Hilo, HI



Non-seismic Tsunami Forecast:
Asteroid Impact

Maximum Flooding at Hilo, HI


